###### Strengths and limitations of this study

-   The associations of *Helicobacter pylori* and interleukin 6 -174 with dyslipidemia have not been studied together previously.

-   The study group is ethnically homogeneous, *H. pylori* positivity has been confirmed by multiple methods and we have data on ulcer status and mucosal inflammation.

-   The size of the study group is fairly small, the study group is composed of only patients with dyspepsia and we have no data on IL-6 serum levels, body mass index, diet, serum glucose levels or cholesterol medication.

Introduction {#s1}
============

*Helicobacter pylori*-related gastritis is a major aetiological factor of peptic ulcer and gastric cancer. *H. pylori* infection has also been associated with atherogenic serum lipid changes in several studies during the past 20 years.[@R1] *H. pylori* infection has also been associated with coronary heart disease, but the evidence is still equivocal.[@R16] [@R17]

*H. pylori* infection causes a varied cytokine response including the release of interleukin 6.[@R18] High IL-6 serum levels have been connected to changes in lipid metabolism and to coronary heart disease.[@R19] A polymorphic allele, guanine/cytosine (G/C), at the IL-6 gene promoter at location -174 in the 5' flanking region (rs1800795) has been previously associated with higher IL-6 serum levels[@R20] and the effect has also been documented in Finnish populations.[@R21] The relationship between IL-6 -174 polymorphisms and IL-6 serum levels seems to vary in different participant groups[@R22] and to be modified by external factors such as exercise.[@R23] The IL-6 -174 polymorphism has also been associated with lipid abnormalities[@R24] and serum lipid changes during lifestyle interventions.[@R25] [@R26] IL-6 -174 has also been associated with the risk of coronary heart disease, but this association seems to vary between different participant groups.[@R27] [@R28]

The objective of this study was to assess the role of *H. pylori* infection and IL-6 polymorphism -174 (rs1800795) in dyslipidemia. Thus, we have examined the serum lipid levels of patients with dyspepsia and compared the results between groups based on *H. pylori* infection, IL-6 -174 genotypes, the presence or absence of gastric or duodenal ulcers and histopathological findings.

Patients and methods {#s2}
====================

Our study group was collected among unselected consecutive adult patients with dyspepsia symptoms fulfilling Rome criteria. The patients were collected between years 1996 and 2000 from three outpatient endoscopies performing hospitals in the city of Oulu, Finland. Consecutive patients were enrolled until a certain amount of patients with ulcer (n=73) and *H. pylori* negative (n=84) and positive patients without ulcer(n=59) were achieved. Of the total 216 patients enrolled, 199 participated in serum lipid analyses. Of them, 57 were patients with ulcer, 84 *H. pylori* negative patients without ulcer and 58 *H. pylori* positive patients without ulcer. The patients were asked about the use of dyspepsia medicine (antacids, sucralfate, histamine 2 receptor antagonists and proton pump inhibitors) and smoking habits. All control and study participants originated from ethnically homogenous Finnish population. Patients with immunosuppressive or malignant diseases, treated *H. pylori* infections, immunosuppressive or anticoagulant medication, previous gastric surgery and patients receiving ongoing antibiotic treatment were excluded.[@R29]

We performed a case--control study with *H. pylori* positive patients as case patients and *H. pylori* negative patients as controls and controlled for the IL-6 -174 gene polymorphism, age, sex and smoking. Additionally, we tested if the presence of peptic ulcers or histological markers of inflammation would affect the possible associations. To detect a clinically significant difference in serum lipid concentrations (10%) between *H. pylori* positive and negative groups with a significance level of 0.05, power of 0.80 and expected SD of 24% of the mean value, one would need a sample size of 91 patients in each group. With the same criteria, we could detect 20% differences in serum lipid concentrations between subgroups as small as 23 patients.

Positive *H. pylori* status was based on a positive serology together with a positive bacterial culture, positive histology or a positive PCR test. Serology, bacterial culture and *H. pylori* PCR were performed as previously described.[@R29] Serum total cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL) and triglyceride serum concentrations were measured by routine methods in the clinical laboratory of Oulu University Hospital. The cut-off point of \<1.00 mmol/L for low HDL was chosen because it is a common cut-off point in Finnish guidelines.[@R32] The patients' DNA was extracted from blood leucocytes as previously described.[@R29] The restriction fragment length polymorphism method with an NlaIII restriction enzyme using previously published primers[@R20] was used to detect the IL-6 -174 gene polymorphisms from the DNA samples. Endoscopies were performed by experienced endoscopists. Endoscopy findings, including the presence or absence of gastric or duodenal ulcer, were registered. Histopathological changes in the gastric mucosal biopsies were analysed according to the Sydney system[@R33] by one pathologist (TJK). The presence of the pathogenic *H. pylori* gene variant, cagA, was detected as previously described.[@R34]

Medians and IQR are presented for variables with skewed distribution and means and SDs for normally distributed continuous variables. The significance of differences between two groups of normally distributed variables was estimated by the independent samples Student t test. The significance of differences between two groups in variables with a skewed distribution was assessed by the Mann-Whitney U test. The significance of differences between three groups in variables with a skewed distribution was assessed by the Kruskal-Wallis test. The significance of differences between discrete variables was assessed with crude and stepwise binary logarithmic regression models (with likelihood ratio criteria for stepwise models), which were also used to calculate ORs and 95% CIs. The significances of correlations were analysed with Spearman\'s test. A p value of \<0.05 was considered statistically significant. Missing data were excluded pairwise. The data were analysed using the SPSS software V.19 (IBM, Armonk, New York, USA).

All patients gave their informed written consent.

Results {#s3}
=======

Of the whole group of 199 study participants, 114 were *H. pylori* positive and 85 were *H. pylori* negative. The HDL serum level was significantly lower in the *H. pylori* positive group (0.81 mmol/L; IQR 0.29 mmol/L) than in the *H. pylori* negative group (0.95 mmol/L; IQR 0.40 mmol/L; p\<0.001). There were no significant differences in total cholesterol, LDL and triglyceride serum levels between *H. pylori* positive and negative patients ([table 1](#BMJOPEN2015009987TB1){ref-type="table"}).

###### 

Characteristics of the participant groups and differences between *Helicobacter pylori* positive and negative patients

                                              *H. pylori* negative   *H. pylori* positive   p Value\*
  ------------------------------------------- ---------------------- ---------------------- -----------
  Patients, n (%)                             85 (42.7)              114 (57.3)             --
  Age in years, mean (SD)                     48.6 (14.0)            57.0 (13.3)            \<0.001
  Male, n (%)                                 36 (42.4)              46 (40.4)              0.884
  Smokers, n (%)                              15 (17.6)              35 (30.7)              0.047
  On dyspepsia medication, n (%)              12 (14.3)              42 (36.8)              0.001
  *IL-6* -174 genotype, n (%)                                                               
   GG                                         21 (24.7)              27 (23.7)              0.410
   GC                                         35 (41.2)              57 (50.0)              
   CC                                         29 (34.1)              30 (26.3)              
  Serum total cholesterol mmol/L, mean (SD)   5.56 (1.09)            5.48 (1.23)            0.596
  Serum HDL mmol/L, median (IQR)              0.95 (0.40)            0.81 (0.29)            \<0.001
  Serum LDL mmol/L, mean (SD)                 4.08 (1.00)            3.94 (0.93)            0.309
  Serum triglycerides mmol/L, median (IQR)    1.11 (0.70)            1.14 (0.66)            0.673

\*Student\'s t test for age, total cholesterol and LDL, χ^2^ for sex, smoking status and genotypes, Mann-Whitney U for HDL and triglycerides.

HDL, high-density lipoprotein; IL-6, interleukin 6; LDL, low-density lipoprotein.

The IL-6 -174 polymorphisms were consistent with the Hardy-Weinberg equilibrium (GG 24.1%; GC 46.2%; CC 29.6%) and were not associated with *H. pylori* positivity (p=0.410). There was no significant difference in serum HDL between the genotypes (GG 0.79 mmol/L; IQR 0.34 mmol/L; GC 0.90 mmol/L; IQR 0.34 mmol/L; CC 0.86 mmol/L; IQR 0.43 mmol/L; p=0.227). To study the associations of multiple variables with low HDL serum levels (\<1.00 mmol/L), we performed stepwise logistic regression analysis with *H. pylori* status, IL-6 -174 genotype (GG genotype as the reference), sex, age and smoking status as covariates. *H. pylori* was associated with low HDL with an OR of 3.659 (CI 1.905 to 7.026; p\<0.001) and male sex was associated with low HDL with an OR of 2.766 (CI 1.382 to 5.536; p=0.004), while the IL-6 -174 genotype, age and smoking did not associate with HDL.

Additionally, we tested if the discovered association between *H. pylori* positivity and HDL serum levels would be different in the separate genotype groups ([figure 1](#BMJOPEN2015009987F1){ref-type="fig"}). A significant difference in the HDL serum concentrations between the *H. pylori* positive (0.72 mmol/L; IQR 0.17 mmol/L) and the *H. pylori* negative (1.06 mmol/L; IQR 0.33 mmol/L) patients was seen in the CC genotype group (p\<0.001). No significant differences were seen between the *H. pylori* positive and negative patients in the GC (0.87 mmol/L; IQR 0.31 mmol/L vs 0.92 mmol/L, IQR 0.38 mmol/L, respectively, p=0.080) or GG genotype groups (0.81 mmol/L, IQR 0.31 mmol/L vs 0.77 mmol/L, IQR 0.35 mmol/L, respectively, p=0.746). *H. pylori* positivity was associated with low HDL in the CC genotype group (OR 32.190; CI 5.629 to 184.081; p\<0.001) in a regression model. Also, sex (male OR 4.801; CI 1.038 to 22.200; p=0.045) was a significant factor, while age and smoking were omitted from the model as non-significant. In similar regression analyses of the GC and GG genotype patients, *H. pylori* positivity was not associated with low HDL levels.

![Box plot diagram (median line, quartile box and whiskers for the most extreme cases inside 1.5× IQR) of high-density lipoprotein (HDL) serum concentration in subgroups based on *interleukin 6* -174 genotypes and *Helicobacter pylori* positivity.](bmjopen2015009987f01){#BMJOPEN2015009987F1}

We also tested for associations between the IL-6 -174 genotypes and HDL in subgroups based on *H. pylori* positivity with similar regression models. In *H. pylori* negative patients, the IL-6 -174 genotype CC (versus reference genotype GG) was associated with high HDL serum levels (OR to low HDL: 0.191; CI 0.055 to 0.669; p=0.010), while the GC genotype did not associate with HDL. In the *H. pylori* positive patients, the IL-6 -174 genotype did not associate significantly with low HDL. We also performed crude regression analyses of the association between *H. pylori*, IL-6 -174 genotypes and HDL in different subgroups. The results have been compiled in [figure 2](#BMJOPEN2015009987F2){ref-type="fig"}.
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Of the 57 patients with ulcer, 1 was *H. pylori* negative and thus excluded from the following analyses. Of the rest, 40 had an active duodenal ulcer and 16 an active gastric ulcer. The ulcers were not associated with the IL-6 -174 genotypes, when compared with all patients without ulcer (p=0.958) or *H. pylori* positive patients without ulcer (p=0.883). The association between HDL and *H. pylori* remained significant after excluding patients with ulcer (HDL 0.96 mmol/L; IQR 0.40 mmol/L for *H. pylori* negative patients vs 0.86 mmol/L; IQR 0.31 mmol/L for positive patients; p=0.010). The HDL difference between *H. pylori* negative (1.06 mmol/L; IQR 0.33 mmol/L) and *H. pylori* positive (0.71 mmol/L; IQR 0.22 mmol) patients without ulcer is also significant (p\<0.001) in the GG genotype subgroup, while the tests in CC and GC groups remained non-significant. The patients with ulcer had lower HDL serum levels (0.75 mmol/L; IQR 0.26 mmol/L) than the *H. pylori* positive patients without ulcer (0.86 mmol/L; IQR 0.31 mmol/L; p=0.010) and *H. pylori* negative patients without ulcer (p\<0.001). The cagA analysis was successful on 107 participants (93.9%) of which 97 were cagA positive (90.7%). Among the participants with cagA data, 50/52 (96.2%) patients with ulcer were cagA positive and 47/55 (85.5%) patients without ulcer were cagA positive (p=0.094). The median HDL levels were 0.87 mmol/L (IQR 0.28 mmol/L) for cagA negative patients and 0.81 mmol/L (IQR 0.30 mmol/L) for cagA positive patients (p=0.683). The IL-6 -174 genotype frequencies did not associate with the Sydney system-based variables of histopathological findings.[@R30] The HDL serum levels showed strong negative correlations with the antrum mononuclear cell score (r=−0.579), antrum neutrophil score (r=−0.636), antrum *H. pylori* score (r=−0.525), body mononuclear cell score (r=−0.685), body neutrophil score (r=−0.494) and body *H. pylori* score (r=−0.585; all p values\<0.001) in the IL-6 -174 CC genotype patients but not in the GG or GC patients.

Discussion {#s4}
==========

We have demonstrated that *H. pylori* infection associates significantly with low serum HDL. In subgroup analyses based on the IL-6 -174 polymorphism, we documented that *H. pylori* positivity associated with low serum HDL only in the CC genotype patients. There was a similar but non-significant tendency in the GC genotype patients and no perceivable tendency in the GG genotypes. On the basis of the sample size and the specified significance and power levels, we conclude that the association of *H. pylori* infection on the HDL serum level is notable in the IL-6 -174 CC genotype patients, but in the other genotypes, especially in the GG genotype, the association is smaller and possibly clinically insignificant. In addition, the severity of the *H. pylori* associated disease seems to have a significance in dyslipidemia, which is demonstrated by the lower HDL concentrations in patients with peptic ulcer when compared with *H. pylori* positive patients without ulcer. CagA positivity was not significantly associated with HDL. However, cagA negative strains were rare, and a larger material would be necessary to assess reliably the association with HDL.

The associations of *H. pylori* and IL-6 -174 with dyslipidemia have not been previously studied together. Although the number of our study suspects was fairly small, the main results are statistically significant and on the basis of the specified significance and power levels consistent conclusions can be made. We did not have data on IL-6 serum levels. We also did not have data on the use of statin medication, but statin use was not common in Finland during the study period.[@R35] Since there are no clear reasons, why the use of statins would be enriched in *H. pylori* negative patients, who had higher HDL levels, it is unlikely that the use of statin medication confounds our results. We did not have data on patients' body mass index, diet or serum glucose, and thus we cannot assess the interplay between obesity, diet, glucose metabolism, *H. pylori* and the IL-6 -174 genotype on lipid metabolism. The study group consisted ethnically homogeneous Finnish patients suffering from dyspepsia. As always, the generalisation of the results to other kinds of populations should be done with caution.

*H. pylori* infection and peptic ulcers have been associated with increased IL-6 expression[@R18] [@R36] and high IL-6 serum levels have been associated with low HDL serum levels.[@R37] IL-6 has been documented to reduce the activity of lipoprotein lipase[@R38] and decreased lipoprotein lipase activity has been associated with a decrease in HDL,[@R39] which offers a possible mechanism for the interaction between IL-6 and HDL. Previous studies have shown that exercise lowers IL-6 serum levels only in IL-6 -174 C allele carriers.[@R23] Similarly, exercise and lifestyle interventions have been documented to increase HDL levels significantly more in the IL-6 -174 C allele carriers than in the G allele carriers.[@R25] [@R26] In line with these studies, our results suggest that the HDL levels are more prone to decrease by *H. pylori* infection in the IL-6 -174 C carriers than in the other genotypes. On the basis of these results, we hypothesise that the allele IL-6 -174 C carriers demonstrate variable IL-6 and HDL levels which are more dependent on external factors such as *H. pylori* infection, exercise or diet, and that allele G carriers demonstrate more constant and high levels of IL-6 and low levels of HDL.

The association between *H. pylori* infection and low HDL has been demonstrated previously in several studies.[@R1] [@R3] [@R5] [@R6] [@R9] *H. pylori* eradication has also been documented to increase serum HDL levels.[@R7] [@R8] [@R13] [@R40] [@R41] On the basis of our results, we hypothesise that the benefits of eradication, especially considering HDL levels, could be more prominent in the IL-6 -174 CC genotype patients than in the patients of other IL-6 -174 genotypes.

Recent observations have suggested that improvement of diet by whole grain supplement may induce concurrent intestinal microbiota changes, decreased IL-6 levels and associate with changes indicating improvement of metabolic function.[@R42] These results suggest a role for IL-6 in systemic responses caused by dietary changes and their associated changes in the commensal mucosal flora. On the basis of our current findings, which indicate that the IL-6 -174 polymorphism modifies systemic effects induced by changes in the composition of gastric bacteria, we suggest that IL-6 polymorphisms should be investigated as a possible mechanism explaining associations between intestinal microbiome and the cardiovascular disease risk factors.

In conclusion, we have demonstrated an IL-6 -174 genotype dependent association between *H. pylori* infection and low serum HDL levels. Our results suggest that the association of *H. pylori* infection with low HDL levels could be transmitted through IL-6 and that the IL-6 -174 genotype might modify other associations between gastrointestinal microbial flora and cardiovascular disease risk factors.
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